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** Distribution Unlimite 
oS mis technical memorandum presents the damping and vibration 
charateristics, measured in air, of a 185-inch Variable-Internal-Truss- 
Sises-and-Spacing (VITSS) steel sonar dome structure, without window. 
Results are compared with a standard 185-inch CW554/SQS steel sonar 


dome structure, without a window. measurements were conducted 
between May 1964 and October 1964 


When reference is made to a VITSS structure or to a standard 
type dome structure in this memorandum, it is to be understood that each 
is a dome structure without an attached acoustic window. 


DESCRIPTION OF THE VITSS DOME STRUCTURE 


One of the objectives in designing and building the VITSS was to 
determine whether or not the use of stiffeners of various sises and with 
variable spacings would reduce the vibration and resulting internally- 
radiated sound levels of the sonar dome. The structure was intended to 


reduce self-noise. The first step was to have the VITSS structure con- 
structed without a window, to allow practica] comparison with a stendard 
window-less CW554/SQS dome structure. 
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Figures 1, 2 and 3 are photographs of the VITSS dome structure. 
Figure 1 is an overall view; Figure 2 is a view looking into the eft 
end; and Figure 3 is a view looking at the bottom frame just forvard of 
the baffle plate. Figure 4 is a photograph of the (Ww554/SQS dome struc- 
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In the design of the VITSS dome, a particular integer from 0 to 9 
was assigned to both a rod sise and a spacing distance. By following 
consecutively the readout of variable numbers out of a table, the con- 
secutive rod sises and spacings were obtained. Circular rods were used 
for the outer chords of each truss, and vertical plates 1/4-inch thick 
by i-inch wide, were used as webs. 


Another objective, although mentioned, may not be covered complete 
in the experiments discussed in this technical memorandum. This objec- 
tive is to discover whether or not variable rod sises and spacing will 
reduce or eliminate echoes induced by ensonification of the stiff 
rods. The bars can be involved in three ways: (1) excitation of the 
bars into vibration, (2) grating effect, and (3) specular reflections 
from the scattering of the sound waves from rigid stiffening rods. More 
detailed discussions are presented in references (a), (b), and (c). 


DESCRIPTION OF EXPERIMENTS 


The domes were suspended from two hoists by nylon ropes to provide 
vibration isolation of the domes. 


The method used in the damping studies is discussed in detail in 
references (d), (e), (f), and (g). The instrumentation was calibrated 
using methods discussed in reference (e). 

Vibration measurement techniques used are discussed in detail in 


reference (d). Accelerations measured were converted to acceleration 
decibels (see reference (h)). 


where adB = acceleration decibels 


a acceleration in ca./; sec.” 


a 1073 on. /eec.” (reference acceleration) 


Vibration and vibration damping measurements were made on the 
structures at four different locations. Counting aft from the vertica 
rod at the forward end of the dome, and down from the flange of 
for the horisontal rods, location 1 is on the 16th vertical 
lat horisontal rod; location 2 is on the 18th vertical 
horisontal rod; and location 3 is at the 8th vertical 
7 gaa rod. Location 4 is on the flange above the 14th vertical 


nT ENED BPN ANN RE NPE TT NY SOR TAR ree ee a se NINE GENE SPORT = a 7 


USL Tech Memo ] 
Wo. 2133-1213-66 ] 


Se as nn in eas 


PRELIMINARY RESULTS 


sous 
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fi og Vibration damping measurements were performed at locations 1 and 2 
= of the VITSS dome structure and of the standard dome structure. For the 

4 VITSS dome structure and at locations 1 and 2, Figures 5 and 6 present, 4 
respectively, the decay rate vs. 1/3 octave band center frequency; | 
figures 7 and 8 present the percent of critical damping vs. 1/3 octave 
band center frequency. For the standard dome structure and et locations 
1 and 2, Figures 9 and 10 present, respectively, the decay rate vs. 1/3 
octave band center frequency; Figures 11 and and 12 present the percent | 
of critical damping vs. 1/3 octave band center frequency. On completion | 
i of the analysis of the data taken, it was noted that the damping charac- ] 
teristics of the VITSS dome structure were inferior to those of the stan- | 
dard 185-inch CW554/SQS dome structure; that is, the vibrations induced 
by impact on the VITSS dome structure did not decay as fast as those of 

the standard dome structure when it was excited by impact. Testing of 

the dome was halted after this comparison was made because of the unex- 

pected results. Table I shows the maximum and minimm damping charac- 

teristics of the two dome structures. 
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TABLE I 


eee VITSS Structure 


Location £0/Co |Frequency| %C/Cc| Frequency 40/Co| Frequency | yuenc’ 
(Min) (Max)} (kis) (Min)| (kis) 
6 |.0020} 16.0 |.0700 4.0 
7 4.0025 16.0 |.0435 3,2 


VITTS MANUFACTURE CORRECTIONS 


ons { 
also found to be not welded. It was apparent that the ends of the rods | 
when excited, vibrated as cantilevers, while the intermediate sections { 
of the rods vibrated as fixed-fixed beams. These free ends and other 
ded parte on the bottom frame of the dome were welded, eliminating 
free ends and making the rods fixed-fixed beams. The lengths of 
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After the ends and intermediate points had been welded, the 
experiments were repeated, with considerable improvement. Vibration- 
damping experiments were then conducted at four locations and vibration 
experiments at three locations. 


RESULTS 


Figures 13 through 16 present the decay rate vs. 1/3 octave band 
center frequency for locations 1, 2, 3, and 4, respectively, of the VITSS 
structure; Figures 17 through 20 present the percent of critical damping 
vs. 1/3 octave band center frequency for locations 1, 2, 3 and 4, respec- 
tively. Figures 21 through 23 present the acceleration level vs. 1/3 
octave band center frequency when the dome is excited with a constant 
force. 


Figures 24 through 27 present the decay rate vs. 1/3 octave band 
center frequency for locations 1, 2, 3 and 4, respectively, of the stan- 
dard dome structure; Figures 28 through 31 present the percent of critical 
damping vs. 1/3 octave band center frequency for locations 1, 2, 3 and 4, 
respectively. Figures 32 through 34 present the acceleration level vs. 


1/3 octave band center frequency when the dome was excited with constant 
force. 


Figures 35 and 36 present a comparison of the decay rate vs. 1/3 
octave band center frequency for locations 1 and 2, respectively, on the 
VITSS structure before and after the bottom frame trusswork was welded; 
Figures 37 and 38 present the percent of critical damping vs. 1/3 octave 
band center frequency for locations 1 and 2, respectively. 


Table 2 presents a comparison of the maximum and minimum damping 
before and after the truss welds were completed. 


TABLE 2 


— 
Locatior wi Frequency po Frequency] Fig %C/c|Frequenc ae 
Min)| (ks) (kHs) §No. |(Min)| (kHs) 
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It is noted that the change in damping is much greater at some 

than many other frequencies. Although the damping characteristics of the 
completely welded dome are superior in almost every case, they are best 
at frequencies between 3.2 kills and & kis for both locations 1 and 2. 

(See Figures 6, 7, 16 and 17.) 


Figures 39 through 42 are comparisons of decay rate vs. 1/3 octave 
band center frequency for locations 1, 2, 3 and 4, respectively, between 
the VITSS dome structure and the standard CW554/SQS dome structure. 

Hp gh 43 through 46 are comparisons of percent of critical damping vs. 
1/3 octave band center frequency for locations 1, 2, 3,-respectively, 
between the VITSS and the standard CwW554/SQS dome structures. 


Table 3 presents a comparison of damping between the VITSS and the 
standard at frequencies where the VITSS is superior to the standard. 
Care should be taken in recognising the location at which the measure- 
ments were made. 
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Table 4 presents a comparison of damping between the VITSS and 
standard at frequencies where the standard is superior to the VITSS. 
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TABLE (Continued) | @ 
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Table 5 presents the locations and frequencies where the VITSS had 
approximately the same amount of damping as the standard. 


structure is easier to excite tnan the standard dome structure .at 
pee octane Magee kHs. At a few higher frequencies, the VITSS dome 


| From Figures 47, 48 and 49, it can be seen that the VITSS dome 
herder to excite than the standard dome structure. 
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i fea DISCUSSION 
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If all frequencies are taken into account, the VITSS dome structure 
a appears to be slightly inferior to the standard 185-inch dome structure, 
P| as far as vibration damping characteristics are concerned. However, at 
| certain frequencies (5 kHz and 6.4 kis), the VITSS hes better (but not 
considerably better) vibration damping characteristics than the standard. | 4 
| Also, at other locations on the dome and at some other frequencies, the i | 
VITSS appears to be slightly superior to the standard. | 


During initial measurements, this writer believed that welding the 
trusses at the bottom of the structure would improve the damping charac- | 4 
teristics. Indeed, welded trusses did reduce the extent to which the 
ends of the trusses were excited into free vibration, although damping 
was not improved to any great extent. 


At certain frequencies, VITSS is slightly superior to the standard 
{ dome structure. These frequencies are 5 kHs, 6.4 ks and 10'kHs for 

a location 13 5 kHs and 6.4 ks for location 23 and 4 kHs, 6.4 kHs, 8 kHs, 

q 12.5 kHs and 16 kHs for location 3. The addition of more 1/4" x 1" 

plates between truss chords might possibly improve the damping character- 

{ istics to a point where the damping characteristics of the VITSS dome 
structure might be superior to the standard type dome structure at more 
frequencies. This would make the VITSS more rigid and, therefore, the 

j dome, when excited, would not have the tendency to vibrate to as great 
1 
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an extent at the lower frequencies. 


; CONCLUSIONS 


t 
a At the present time, there is no evidence that shows the VITSS-type 
| of structure to be superior to a standard-type of dome structure. 
{ 
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Official Photograph 
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